-The purpose of a toxicity test is to determine the no-observed-effect level (NOEL) of test substance through biological and pharmacological techniques. If the low dose not does show statisticonsider this dose as the NOEL. To overcome this, 6 types of techniques that seemed to be appropriate are presented in this paper by investigating the results of several domestic and foreign theses on toxicology. The most appropriate techniques appear to be the trend test, comparison between treatment group and historical control by t-
INTRODUCTION
Toxicity test is necessary for evaluating the safety of industrial chemicals according to the Chemical Substances Control Law (1986) . Quantitative data obtained from toxicity studies with test substance in rodents are analyzed by using decision tree procedure (Hamada et al., 1998; Kobayashi et al., 2008) . If statistical analysis of -cantly different as compared to the control group used as a reference for that particular study, it may not be possible to determine the no-observed-effect level (NOEL) of the low and mid dose groups is usually not considered as of these groups with the historical control data obtained no dose-related pattern observed, statistically or visually. Usually the comparison with the historical control data is made by checking the data of the treatment groups (low and mid dose), whether they lie within the width of 2 standard deviations (S.D.) of the historical control data. If the data of the treatment groups lie within the width of 2 S.D. of the historical control, it is assumed that the changes shown by these groups are incidental. However, the S.D. plotted shows the distribution pattern of all the individual historical control data, whereas the data of the treatment group is obtained by calculating the mean of 5 to 35 animals used in an experiment. Hence, the comparison between these 2 data sets may be erroneous since the quality of data of both the groups is different. In order to resolve these disagreements and to confirm incidenWe would have liked to have documented the uniformity of each testing facility in the form of a thesis; however, the documentation of this kind is problematic since there are restrictions in publishing the toxicity results of a non-government organization and since the investigation
Examination of dose-response pattern and/or dose dependency
In a study, when a significant difference is obtained only for the low dose group and no dose-response relationship is observed, it is judged as an incidental finding, visually. Statistical tests such as the Jonckheere trend test (Jonckheere, 1954) , which is designed for the quantitative evaluation of the body weight, hematological values, and organ weights and the Cochran-Armitage trend test, which is designed for the qualitative analysis of urine samples and for pathological data, can be used to is obtained between the treatment and the control groups by these tests, then the result is considered as an incidental change. Jonckheere's trend test (http://dra4.nihs. go.jp/mhlw_data/home/paper/paper86-87-3b.html and http://dra4.nihs.go.jp/mhlw_data/home/paper/paper95-64-7B.html) is the ideal test for analyzing the results of a study involving a 28-day dosing-period in accordance with the Chemical Substance Control Law (1986).
Williams's test wherein dosage dependency is considered
William's test (Williams, 1971 (Williams, , 1972 ) is a technique for analyzing dose-dependent responses. In this test, if not in the high-dose group, then the change is considered to be incidental. This technique is termed "closed testing procedure," and this method was used by Sakaki et al. (2000) for constructing the decision tree.
Comparison with related measurement items
In this method, items with relative measurements are compared, for example, expression of glutamic oxaloacetic transaminase (GOT) is compared with that of glutamic pyruvic transaminase (GPT); the red blood count analysis, hemoglobin value, hematocrit value, and erythrocyte indices (mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean cell hemoglobin concentration (MCHC)) are compared; and the organ weight is -ment is made by these comparisons.
Comparison with the historical control data (in cases where the number of animal used is clearly mentioned)
This test can be used to determine whether or not the mean value of the low dose group falls within the width interval for the mean) of the historical control value. It can also be used to determine whether or not all the individual values of a treatment group fall within the width of ± 2 S.D. of the historical control data.
(1) Using the above test, it can be concluded that there -ment group lies within the width of ± 2 S.E. values of the historical control value (Table 1) lie within the width of ± 2 S.D. of the historical control value (Fig. 1) . (3) Also the difference between the mean value of the historical control group and that of the treatment group is analyzed by the t-test (Table 1) .
The NOEL judgments
The NOEL is judged by the study director on the basis of his/her knowledge and experience in addition to the data presented in the thesis. In this case, priority may be given to the clinical relevance of the data as compared to -when considering parameters that have a small variance, urine samples. In this case, statistical results are ignored, and the clinical relevance is considered.
Checking the reliability of the control group
It is sometimes necessary to check whether or not the control group used in a study is in the normal range. The comparison of the treatment group with double controls (usually used in basal diet experiments) is also made by statistical analysis. Alternatively, the control group can be compared with the historical control value.
28-day repeated dosing study in accordance with the Chemical Substance Control Law
The examples of the 28-day repeated dose toxicity study in rats are available in the public domain (http:// dra4.nihs.go.jp/mhlw_data/jsp/SearchPage.jsp) and are presented in Table 1 .
When the data of the treatment groups were compared with the historical data, it was found that the mean values of the treatment groups were within the range of ± 2 S.D. of the historical control data, but not within the range of ± 2 S.E. of it (except GPT of CAS No. 97-52-9) (Table 1). In the above studies, the authors judged whether the sigincidental or not by examining the data of the treatment groups with regard to the range of ± 2 S.E. of the respective historical control data. If the data of the treatment groups fall within the range of ± 2 S.E. of the historical control, they were considered as incidental. However, when the data were analyzed using t-test, adrenal weight (CAS No. 7756-94-7) and total protein (CAS No. 56-93--tion procedure of t-test is based on the SEs of the treatment and historical control groups, it should be borne in mind that the number of animals used in these groups is different, being much larger in the latter, since the source of historical control data is several studies. But, while comparing the values within the range of the standard error, the number of animals used in each group is not taken into consideration.
cant difference between the treated and control values is detected at the low or medium doses, the determination solution to this problem by investigating 28-day repeat dose toxicity gavage studies in Sprague-Dawley (SD) rats wherein 126 test substances were analyzed in accordance with the Chemical Substance Control Law guidelines (http://dra4.nihs.go.jp/mhlw_data/jsp/SearchPage.jsp) ( Table 2) . Among the studies investigated, only one testing facility in Japan described historical control mean value ± S.D. and the number of animals clearly in the report. The statements, such as "No dose-related pattern or dose dependency", made in the reports clearly show that there is no significant difference in the high and/or medium dose groups. It seems that the dose-response pattern and/ or the dose dependency in most of the studies have been evaluated solely by a macroscopic decision. The following or similar statement from several report, supports our view, "this change was within the physiological range and/or the historical control range or is minimal change." In these reports, the authors have not given the range of values for the historical controls. Thus, the study director assumed that the change in this dosage group to be an incidental change without a statistics or solid scientific support.
On investigating the changes of parameters of dosage groups of several repeated dose toxicity studies in rodents published in native and foreign journals, we found that in many of the studies the changes were considered as incidental using certain assumptions. The assumptions used were, "There was no dose-related pattern or there was no -ference, a negligible change, a change within physiological range or a sporadic change, etc." (Table 3) . In these reports, it has not been mentioned whether it is the mean value or an individual value of the dose group that has been used for the comparison.
In order to find the changes observed in the dosage groups incidental or not, Cerdá et al. (2003) compared the data of the dosage groups with that of historical control data using t-test. The authors also checked whether the data of the dosage groups fall within ± 2 S.D. of the historical control data. There were many parameters of the dosage groups, for example, the red blood cell counts and erythrocyte indices, serum enzymes, organ weights 2 S.D. of the historical control data. The authors judged the changes in these parameters as incidental changes due to the reason that there was no difference between related parameters.
Taking into consideration 1 of the comparisons between the historical control value and the dose group value, no discrepancies are encountered if all the individual values -val of the distribution of the historical control values. The the distribution of the weights of 4-day-old male SD pups (data measured in 2000). The data show that 300 male -ue ± S.D. of the treatment group used in the study is 9.4 ± 1.2. The mean value of the treatment group is within the 2 S.D. of the background value. However, all the individual pups in the treatment group were not considered while control values. Therefore, the treatment group showed deviations from the historical control value.
In conculsion, in such a case, it is generally considered treatment group, if the mean value of it is included in the width of the mean ± 2 S.D. of the historical control val-NOEL in cases where there is no statistical difference noted, even if the mean value of the treatment group is within the width of the standard deviation (± 2 S.D.) when the distribution curve of individual values is plotted. HowevHence, as an alternative to the above method, we propose the following statistical methods for the comparison of dosage groups with historical control values: 3. The statistical significant difference of the mean values between the dosage and historical control values group may be analyzed using the t-test.
4. The dose-response pattern/dose dependency may be analyzed using statistical techniques, for instance, Jonckheere trend test can be applied.
We recommend one in the above-mentioned four techniques to be used. However we suggest that the decision may not be made entirely on the basis of statistical analysis, but biological relevance of the statistical analysis may also be looked into.
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Reason assumed to be incidental change Reference
Presence of dose-related pattern, visually Nishiguchi et al., 1997; Nishiguchi et al., 1994; Takagi et al., 1992b; Nakano et al., 1992; Tamura et al., 1983; Yamazaki et al., 2005; Chemical product Safety Center, et al., 2007; Topping et al., 2007; Guijie et al., 2006; Poon et al., 1998; McClain et al., 2006; Sato et al., 2007; Hellwig et al., 1993; Webb et al., 1993; Mellert et al., 2002; Bär et al., 1995; Arterburn et al., 2000; Goldsmith, 2000; Lee et al., 2004; Janssen et al., 2000; Kanki et al., 2003; O'Hagan and Menzel, 2003; Nakamura et al., 2001; Thomas et al., 1991; Abdo et al., 1986; Morgan et al., 1989; Dunnick et al., 1987; Okazaki et al., 2002; Okazaki et al., 1993; Kato et al., 1993; Jeong et al., 2006; Shim et al., 2003 No change in a related parameter Inui et al., 1997; Takeuchi et al., 1985; Jonker et al., 1993; MacKenzie et al., 1992a; Barber and Topping, 1995; Oshima et al., 1999; Suzuki et al., 1997; Graça et al., 2007; Shimpo et al., 1990 High or low value of control group Inui et al., 1997; Mellert et al., 2002; Macrì et al., 1987 biological difference effect, negligible change, within physiological change or sporadic change) Takagi et al., 1994a; Nakano et al., 1992; Kato et al., 1991; Takahashi et al., 1986; Omosu et al. et al., 2007; Topping et al., 2007; Inui et al., 1997; Cho et al., 2006; MacKenzie et al., 1992a MacKenzie et al., , 1992b Juberg et al., 1998; Horváth et al., 2002; Kotkoskie et al., 1998; Oshima et al., 1999; Yi et al., 2007 Within historical range (background data) or normal range (not described to macroscopic Takahashi et al., 1986; Tamura et al., 1983; Omosu et al. et al., 2007; Guijie et al., 2006; McClain et al., 2006; Horváth et al., 2002; Kitamura et al., 2003; Hart, 1988; Suzuki et al., 1994; Shiraishi et al., 2006 Compared with another control other than vehicle control (using by double control) Takahashi et al., 1986; Webb et al., 1993; Arterburn et al., 2000 Statistics processing with normal values (historical data) range Cerdá et al., 2003 Vol. 35 No. 1 
